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POWER SEMICONDUCTOR DEVICE AND PRODUCTION METHOD 

FOR THE SAME 



INCORPORATION BY REFERENCE 

The disclosure of Japanese Patent Application No. HEI 
11-262861 filed on September 17, 1999 including the 
specification, drawings and abstract is incorporated herein 
by reference in its entirety. 



BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

The invention relates to a power semiconductor device 
and a production method for the power semiconductor device 
and, more particularly, to a power semiconductor device 
having a plurality of linear trench gates that extend 
substantially parallel to one another and extend through a 
body region formed on a semiconductor substrate, from an 
obverse surface side of the body region. 

2. Description of the Related Art 
Asia power semiconductor device, an insulated gate 

bipolar /transistor (IGBT) in which N-type emitters formed 
in contact with trench gates are connected by N-type 
semiconductor regions so as to form a ladder-like 
conf icpration has been proposed (e.g., in Japanese Patent 
AppliAation/LaJid-Open No. HEI 9-270512) . In this device, 
the emitteSr-ccAtact width is reduced by forming ladder-like 
N-t^fpe semiconductor regions . In this device, the N-type 



emitters and the N-type semiconductor regions are formed by 
a sfir^le diffusion layer, and therefore, their depths are. 
substantially equal. 

In power semiconductor devices, both low on- 
resistance and high breakdown ruggedness are demanded. 

SUMMARY OF THE INVENTION 
Accordingly, it is an object of the invention to 
provide a power semiconductor device with low on-resistance 
and high breakdown ruggedness. 

An insulated gate type semiconductor device according 
to the invention includes a body region of a first 
conductivity type formed in a semiconductor substrate, a 
plurality of trench gates extending through the body region, 
and a plurality of first semiconductor regions of a second 
conductivity type that is different from the first 
conductivity type. The first semiconductor regions have a 
first depth as measured from a surface of the body region 
and sandwich the trench gates via the gate-insulating films. 
The semiconductor device also includes a plurality of 
second semiconductor regions of the second conductivity 
type having a second depth as measured from the surface of 
the body region that is less than the first depth. The 
second semiconductor regions connect the plurality of first 
semiconductor regions spaced apart from one another. 

According to the above-described aspect, since the 
second semiconductor regions are formed to have less depth 
than the first semiconductor regions, the impurity 



concentration in a portion of the body region near the 
second semiconductor region can be increased, in comparison 
with a case where the first and second semiconductor 
regions have substantially equal depths. Therefore, the 
resistance in the portion of the body region near the 
second semiconductor region is decreased, so that the on- 
resistance of the semiconductor device can be reduced and 
the breakdown ruggedness thereof can be improved. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The foregoing and further objects, features and 
advantages of the invention will become apparent from the 
following description of a preferred embodiment with 
reference to the accompanying drawings, wherein like 
numerals are used to represent like elements and wherein: 

FIGURE 1 is a schematic illustration of a power 
semiconductor device according to an embodiment of the 
invention; 

FIGURE 2 is a schematic plan view illustrating a 
construction of the power semiconductor device of the 
invention; 

FIGURE 3 is a graph indicating relationships between 
depths, of a body, a trench-emitter region and an emitter- 
connecting region from their surfaces and impurity 
concentrations ; 

FIGURE 4A illustrates the flow of current occurring 
where an emitter-connecting region is relatively shallow; 
and 



FIGURE 4B illustrates the flow of current occurring 
where an emitter-connecting region is relatively deep. 
DETAILED DESCRIPTION OF PREFERRED EMBODIMENT 

A preferred embodiment of the invention will be 
described hereinafter with reference to the accompanying 
drawings . 

FIGURE 1 is a schematic diagram illustrating a 
construction of a power semiconductor device 20 according 
to an embodiment of the invention. FIGURE 2 is a schematic 
illustration of a construction of the power semiconductor 
device 20 viewed from a surface thereof. A construction on 
section A-A indicated in FIGURE 2 corresponds to a leftward 
front face of the illustration of FIGURE 1 (see an arrow A 
in FIGURE 1) . A construction taken on section B-B 
indicated in FIGURE 2 corresponds to a rightward front face 
of the illustration of FIGURE 1 (see an arrow B in FIGURE 
1) . A construction taken on section C-C indicated in 
FIGURE 2 corresponds to a right side face of the 
illustration of FIGURE 1 (see an arrow C in FIGURE 1) . 
. ■ Tike power semiconductor device 20 of this embodiment, 
as f shown in the drawings, has a body 2 4 of a P"-type 
semiconductor region formed on a surface of an N~-type 
epitaxial layer 22 that is formed on a substrate 21 formed 
by a /P-type or N-type semiconductor. A plurality of trench 
gatefs 26 are disposed parallel to one another and extend 
from an etfyvkrse surface, which in FIGURE 1 is the top 
surfacel ofl a semiconductor substrate through the body 24 



to ^the epitaxial layer 22. Formed on opposite sides of 
each\ trench gate 26 are emitter regions that are N + -type 
semiconductor regions contacting the trench gate 26 via a 



gate- 



the 1 



forme 



regio 



insulating film 27, such as a silicon oxide film or 
ike. In this embodiment, the emitter regions are 
i by trench-emitter regions 28 (a first semiconductor 
i) and emitter-connecting regions 30 (a second 



semiconductor region) . The emitter-connecting regions 30 
connect trench-emitter regions 28 that face each other so 
as to form a ladder-like configuration. The power 



semic 



onductor device 20 further has contact P regions 32 



that /are P + -type semiconductor regions formed between the 
emitter-connecting regions 30 on the body 24. The power 
semi-conductor device 20 may be a power MOSFET (where the 
substrate 21 is of N-type) , an insulated gate bipolar 
transistor (IGBT, where the substrate 21 is of P-type) 
whiph is a generally-termed vertical-type device wherein a 



ma 



iin current flows in a vertical direction with respect to 



th$ substrate, or a composite device that partially has a 



CO 



istructiorrsof a device mentioned above. FIGURES 1 and 2 
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attern for the power semiconductor device 20 
region 32 and the trench-emitter regions 28 
by thermal diffusion. Therefore, in a 



ractical manner, a part of the contact P region 32 and a 
^art of the trench-emitter regions 28 may overlap each 
fcther . 



As shown in FIGURE 1, each trench gate 2 6 is formed 



so as to extend from the obverse surface into the interior 
of the semiconductor substrate, that is, so as to form an. 
indentation. Furthermore, as shown in FIGURE 2, the trench 
gates 26 are connected at end portions thereof to a gate 
voltage-applying circuit conductor 36 (see an upper portion 
of FIGURE 2) . Upper ends of the trench gate 2 6 are 
preferably flush with the obverse surface of the 
semiconductor substrate. In many actual cases, however, 
the ends of the trench gates 26 are disposed several tenths 
of 1 |im below the obverse surface of the semiconductor 
substrate in order to achieve process consistency. 
Considering this, this embodiment has a construction 
wherein the upper ends of the trench gates 2 6 are lower 
than the obverse surface of the semiconductor substrate. 

The N + trench-emitter regions 2 8 are formed deeper 
than the upper ends of the trench gates 2 6 so that a 
portion of each N + trench-emitter region 28 contacts the 
trench gate 26 via the gate-insulating film 27, such as a 
silicon oxide film or the like. For example, if the upper 
ends of the trench gates 2 6 are several tenths of 1 jam 
lower than the obverse surface of the semiconductor 
substrate, it is preferable that the N + trench-emitter 
regions 2 8 be formed to have a depth of about 1 fim. 

The N + emitter-connecting regions 30 are formed to 
have a less depth than the N + trench-emitter regions 28. 
As shown in FIGURE 2, a portion of the surface of each N + 
emitter-connecting region 30 is covered, together with a 

6 
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surface of the adjacent contact P region 32, with a circuit 
conductor 38. The N + emitter-connecting regions 30 are 
formed in order to electrically connect the N + trench- 
emitter regions 28 and the circuit conductors 38. 
Therefore, it is required that the N + emitter-connecting 
regions 30 have a low resistance value and such an impurity 
concentration that the contact resistance with respect to 
the circuit conductors 38 can be sufficiently reduced. 

Characteristics of the above-described power 
semiconductor device 20 of the embodiment will be described. 
FIGURE 3 is a graph indicating relationships between depths 
of the body 24, the N + trench-emitter regions 28 and the N + 
emitter-connecting regions 30 measured from their surfaces 
and impurity concentrations therein. Typically, the body 
15 24, the N + trench-emitter regions 28 and the N + emitter- 
connecting regions 30 are formed by thermal diffusion of 
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impurities from the obverse surface side of the 
semiconductor substrate. Therefore, with increases in the 
depth from the surface of the semiconductor substrate, the 
impurity concentration decreases (the diffusion becomes 
more difficult) . That is, the deeper the N + emitter- 
connecting regions 30, the lower the impurity concentration 
in portions of the body 24 near lower portions of the N + 
emitter-connecting regions 30. The resistance of the body 
25 24 increases with decreases in the impurity concentration 

therein. Therefore, the resistance of portions of the body 
24 near lower portions of the N + emitter-connecting regions 
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30 increases as the depth of the N + emitter-connecting 
regions 30 is increased. FIGURES 4A and 4B exemplify the. 
flow of current occurring if the N + emitter-connecting 
regions 30 are relatively shallow, and the flow of current 
'occurring if the N + emitter-connecting regions 30 are 
relatively deep. In FIGURES 4A and 4B, portions indicated 
by broken lines represent parasitic NPN transistors present 
in the devices. Now considered will be a case where 
current flows from the epitaxial layer 22 through a 
vicinity of a lower portion of an N + emitter-connecting 
region 30 into a contact P region 32 as indicated by an 
arrow in each diagram. The resistance of the vicinity of 
the lower portion of the N + emitter-connecting region 30 
increases as the depth of the N + emitter-connecting region 
30 is increased. Therefore, the electric potential that 
occurs in the vicinity of the lower portion of the N + 
emitter-connecting region 30 also increases when the depth 
of the N + emitter-connecting region 30 is increased. If 
such an electric potential occurs, it may happen that a 
forward bias is applied to the base of the parasitic NPN 
transistor (that is, the parasitic NPN transistor operates) 
so that the power semiconductor device 20 breaks. In 
contrast, if the N + emitter-connecting region 30 is 
relatively shallow, the resistance of the vicinity of the 
lower portion of the N + emitter-connecting region 30 is 
reduced so as to substantially avoid the aforementioned 
operation of the parasitic NPN transistor. Therefore, 
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avalanche breakdown ruggedness and latch-up ruggedness 
(that is, the level of withstanding excessive current) are 

improved . 

In the above-described power semiconductor device 20 
of the embodiment, by reducing the depth of the N + emitter 
regions 30, the avalanche ruggedness and the latch-up 
ruggedness can be improved with controlling the on- 
resistance. 

Although in the power semiconductor device 20 of the 

embodiment, the body 24 is form^H ae a u *. 

y ±* is rormed as a P-type semiconductor 

region, it is also possible to form the body 24 as an N- 
type semiconductor region and form the epitaxial layer 22, 
the N + trench-emitter regions 28, the N + emitter-connecting 

regions 30 and the P + contant- ren^n m ^ 

contact region 32 by semiconductor 

regions of different conduction types. 

While the invention has been described with reference 
to what is presently considered to be a preferred 
embodiment thereof, it is to be understood that the 
invention is not limited to the disclosed embodiment or 
constructions. On the contrary, the invention is intended 
to cover various modifications and equivalent arrangements 
without departing from the gist of the invention. 
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